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Environmental Monitoring for
Chemical Control of Egeria densa
in the Sacramento/San Joaquin Delta, 1998

by
Charlie Huang and Don Guy
California Department of Fish and Game
Aquatic Toxicology Laboratory
9300 Elk Grove-Florin Road
Elk Grove, California 95624

SUMMARY

In 1998, the California Department of Boating and Waterways began pilot treatments in
several areas of the Delta with the copper-based aquatic herbicide. Komeen® to control the

exotic aquatic weed Brazilian elodea Egeria densa.

Samples of water and sediment from Komeen®-treated areas were analyzed for total
copper. Samples of water were tested for toxicity with fathead minnows Pimephales promelas
and cladocerans Ceriodaphnia dubia to characterize conditions at Komeen ®-treated sites.
Additionally, toxicity tests were conducted on Komeen® with the delta smelt Hypomesus

transpacificus.

Copper concentrations in water samples from Komeen®-treated areas were highest at 3
hours posttreatment (mean concentration, 738 pg/L in Sandmound Slough, 461 pg/L in
Sevenmile Slough, and 476 pg/L in White Slough). These concentrations generally declined to
levels at, or near, the minimum detection limit of 50 pg/L within 24 hours. Water samples
collected from treated sites 3 hours posttreatment produced significant mortality of cladocerans
in 96-h acute toxicity tests, which appeared related to copper concentrations. The tests revealed
that Komeen® toxicity dissipated partially within 24 hours after treatment. Water from
Komeen®-treated sites produced variable mortality to fathead minnows. Toxicity of Komeen
to delta smelt produced 96-h LC s, values of 24,400 pg/L and 14,995 pg/L (as Cu) in
Sacramento River water and San Joaquin River water, respectively. In comparison, the toxicity
(96-h LCs, values) of Komeen® to cladocerans and fathead minnows is approximately 110 pg/L
and 4,668 ug/L (as Cu), respectively. Thus, the Korneen® applications for control of Brazilian
elodea should have minimal impact to fish, especially delta smelt, but may have transient
impacts on aquatic invertebrates, especially zooplankton. Komeen®-treated sites did not have
higher sediment copper concentrations than did the control site. Similar impacts of Komeen®

from the control of hydrilla have been documented in Clear Lake.

It is recommended that future monitoring of Komeen® applications concentrate on the
measurement of copper concentrations in water, biota, and sediment. Furthermore, monitoring

of toxicity to cladocerans and fish may be valuable.



INTRODUCTION

Introduced exotic aquatic plants have inhabited the California Sacramento-San Joaquin
Delta for many years. However, mats of Brazilian elodea Egeria densa have now expanded to
impair several beneficial uses of Delta waters. On January 1, 1997, Assembly Bill 2193
appointed Department of Boating and Waterways (DBW) as the lead agency in establishing an
Egeria Control Plan (ECP) for the Delta and its tributaries. Brazilian elodea is an introduced
aquatic plant that reproduces vegetatively, and it grows in water one to three meters deep in
monoculture mats throughout the Sacramento-San Joaqum Delta. DBW estimates

approximately 25 tons or more of Brazilian elodea (wet weight) per acre.

DBW selected three areas to compare mechanical and chemical control methods. DBW
used the copper-based herbicide Komeen® to control Brazilian elodea in Sand Mound Slough,
Sevenmile Slough, and White Slough in June 1998 (Figure 1). Komeen® is registered by the
United States Environmental Protection Agency and the California Department of Pesticide
Registration for the control of aquatic weeds including Brazilian elodea. Komeen® (complexed
copper was applied at 750 ppb Cu adjacent to mechanical harvester sites. This allowed for a
direct comparison between chemical and mechanical methods. Trial applications of Komeen ®
provided essential information on efficacy and potential for environmental impacts.

Monitoring data will be used in an environmental assessment of Brazilian elodea control
strategies. DBW is drafting an environmental impact report for the long-term control of

Brazilian elodea in the Delta.

The toxicity and environmental fate of copper in aquatic systems has been well
documented. Copper is generally only biologically available for toxic effects in the ionic or
dissolved form. The bioavailability of copper generally decreases with increasing water
hardness, alkalinity, pH and turbidity (Erickson et al. 1996). In comparison to inorganic
copper, the toxicity of the chelated ethylenediamine complex of copper in Komeen® to fish and
other aquatic organisms has received lesser study. A previous study of the toxicity of Komeen®
to aquatic organisms (Nelson et al. 1984) indicated that the use of the herbicide to eradicate
hydrilla in California’s Imperial Valley would provide limited margins of safety under local
conditions, and that fish losses may occur if the fish were stressed by low dissolved oxygen
concentrations or high water temperatures. The study also indicated that Komeen® was

significantly more toxic to channel catfish Icralurus punctatus fry (96-h LCs, value - 18,100



pg/L) than to the juvenile life stage (96-h LCSQ -46,400 pg/L). Toxicity tests on Komeen®
performed by the Department of Fish and Game (Trumbo 1997) in Clear Lake water (hardness
=100 to 150 mg/L CaCOs) indicated that the 96-h LCs, value for larval fathead minnow
Pimephales promelas was 4,668 ug/L (as Cu). The chelated form of copper in Komeen®
appears to be at least one order of magnitude less toxic to fathead minnow than is inorganic

copper (96-h LCs, values 170 to 260 ~+g[L) for water of similar hardness.

With respect to aquatic invertebrates, there is little data available in the literature that
directly addresses Komeen® toxicity. Mayer and Ellersick (1986) reported that the 96-h LC50
value for apple sifail Pomacea sp. exposed to Komeen® was 52 ug/L (as Cu). Toxicity tests on
Komeen® (Trumbo 1997) using Clear Lake water (hardness 100 to 150 mg/L CaCOj5)
indicated that the 96-h LCjs, value for the cladoceran Ceriodaphnia dubia was 110 ug/L (as

Cu). Additional tests conducted using Clear Lake water found the 96-h LC 5, value for
Komeen® to the amphipod Hyalella azreca was >1.277 mg/L. (as Cu); the 96-h LC50 values in
Clear Lake water for Komeen® were 31.800 pg/L and 640 pg/L (as Cu) for crayfish

Procambarus clarkii and snails Phvsa sp., respectively (Trumbo 1998).

The objective of this study was to assess the impacts of Komeen® use on the aquatic
fauna of Delta. To accomplish this, conditions before and after treatment with Komeen® were
compared to conditions in a control area. Komeen® was applied at concentrations of
approximately 750 pg/L (as Cu). Samples of water and sediment were analyzed for copper
concentrations. Toxicity tests on water samples were conducted with invertebrates and fish.

Toxicity tests were also conducted on Komeen® with delta smelt Hvpomesus transpacificus.



MATERIALS AND METHODS

Study Design

Samples of water and sediment were collected from four sites. Three of these sites
within Komeen®-treatment areas (Sand Mound Slough, Sevenmile Slough, and White Slough)
and one site was in a non-treatment area (negative control site near Sevenmile Slough) which
served as the study control (Figure 1). Site selection was based on relative similarity of aquatic

habitat quality.

Samples were collected according to protocols established in a quality assurance project
plan (QAPP) (California Department of Fish and Game 1998). Each sample was accompanied
by a chain-of-custody form which documented the sequence of transfer from sample generation
to analysis (Appendix A). Samples were collected in June and August to coincide with

Komeen® application schedules (Table 1).

Water Quality

Sample Collection

Two or three sampling stations were sampled at each site. Stations #2 and #3 were
within the treatment quadrat and Station #4 was outside of the treatment quadrat (Figure 2).
Samples were collected at each station at two depths: (1) one foot below the surface and (2) one
foot above the hydrosoil. Samples were decanted into chemically clean 250-mi high density
polyethylene (HDPE) bottles and acidified with 0.5 ml of 6N nitric acid to pH 2. Samples were

stored on wet ice at a temperature of 4°C immediately after collection.

Sample collection was timed to coincide with Komeen® treatments according to the
following schedule: (1) prior to treatment, (2) 3 hours posttreatment, (3) 9 hours posttreatment,

and (4) 24 hours posttreatment.

Analysis

Copper concentrations in water were determined by flame atomic absorption

spectrophotometry in USDA-ARS Aquatic Weed Laboratory.



T

Vv{W' / -uu-c N\

sanKER sLouand ‘mact
suuring PLANT e f

L

g

-~
( SUASUN MARSH
SALINITY CONTROL

fLww000
1AaC ] S4RGENT
S anenany
P Thact

LowEn awes
TRaCt

uPPER LONER

“O0LE BOsEeTS

RAAVEY O BaNKS
OELTA PUMPIG PLANT

TRACY

v, N,  sTewanr
PUMPING ‘PLANT

- thact

st . . A %
1. Sand Mound Slough
2. Sevenmile Slough
3. White Slough

Figure 1. Komeen® treatment sites in Sacramento-San Joaquin Delta.



Table 1: Sampling and analyses schedule for monitoring in 1998.

Analysis Mar | Apr | May | Jun Jul | Aug [ Sep | Oct | Nov | Dec | Jan | Feb [ Mar
Water Chemistry X

Sediment Chemistry X X [ X

Toxicity Testing X
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Figure 2. Sampling stations in relation to Komeen® treatment quadrant
(shaded area).



Sediment Chemistry

Sample Collection

Sediment samples were collected prior to treatment, 30, and 60 days posttreatment.
Five sampling stations were sampled at each site. Stations #2 and #3 were within the treatment
quadrat and Stations #1, #4, and #5 were outside of the treatment quadrat (Figure 2). The top
six inches of hydrosoil was collected at each site using a core sampler lined with two-inch
diameter acetate tubes. Approximately one pint of sediment was collected for each sample.
Sample integrity was maintained by keeping the samples in the acetate liners and capping both
ends. The top six inches of each sample was stored on wet ice at a temperature of 4°C
immediately after collection. The samples were later frozen in the laboratory pending chemical

analysis. Prior to analysis, the six-inch cores were homogenized.

Analysis

Copper concentrations were determined by the simultaneously extractable metals (SEM)
method for analysis by flame atomic absorption spectrophotometrv. A CDFG methodology
was employed (CDFG 1998). Sediment samples were prepared for analysis by drying overnight
at a temperature of 95 to 105°C to a constant weight. Then 0.25 to 0.50 g of dry sediment was
placed into a polyethylene bottle with 100 ml of 1 N hydrochioric acid, and the mixture was
shaken for two hours. The digestate was then filtered through a 0.45- um filter under vacuum,

and the filtrate was then transferred to a polyethylene bottle pending analysis.

Toxicity Tests

Water Sampling

Water samples from two or three sampling stations at each site were collected without
acid preservation for 96-h acute toxicity tests. Stations #2 and #3 were within the treatment

quadrat and Station #4 was outside of the treatment quadrat (Figure 2). Water samples were



collected with hand-held sump pump from two depths: (1) one foot below the surface and (2)

one foot above the hydrosoil.

After collection, equal volumes of water from the two depths were composited into
precleaned, one-gallon plastic containers. A total volume of 1 gallon was collected for each
sample. Samples were stored and transported at a temperature of 4°C on wet ice. Samples were
split for Cu chemical analysis (CDFG, 1998). The toxicity tests were conducted within three

days of sample collection.

Sample collection was timed to coincide with Komeen® treatments according to the
following schedule: (1) prior to treatment, (2) 3 hours posttreatment, (3) 9 hours posttreatment,

and (4) 24 hours posttreatment.

Cladoceran Test Procedures

Cladoceran Ceriodaphnia dubia neonates (<24-h old) were exposed to undiluted water
samples in 96-h static tests with renewal at 48 hours. Well water from the Aquatic Toxicology
Laboratory was used as a control (hardness = 132 to 140 mg/L. CaCO; pH =7.80 to 8.76). The
whole sample test procedures were based on United States Environmental Protection Agency
protocols (USEPA 1993). Test organisms were obtained from laboratory cultures maintained
using USEPA procedures. Five cladocerans were placed into 30-mi plastic cups containing 20
ml of sample. Four replicates were used per treatment. The test was conducted in an
environmental chamber at a constant temperature of 25°C. The cladocerans were fed a 1:1
mixture of yeast-Cerophyll®-trout chow and algae Selenastrum capricornurum suspension prior

to renewal of the test solution. The photoperiod was 16:8 h light:dark. Mortality and water
quality characteristics were recorded daily. Death was defined as a lack of response to persistent

prodding.

Fish Test Procedures

Fathead minnow Pimephales promelas larvae (1 to 14-d old) were exposed to undiluted
water samples in 96-h static tests with renewal at 48 hours. Well water from the Aquatic
Toxicology Laboratory was used as a control (hardness =132 to 140 mg/L CaCO; pH -7.80 to
8.76). The test procedures were based on USEPA protocols (USEPA 1993’). Test organisms



were obtained from a commercial vendor (Aquatic Biosystems, Fort Collins. CO) and were
acclimated to laboratory conditions prior to testing. Ten larvae were placed into 1.0-L glass
chambers, each containing 250 ml of sample. Two replicates were tested per treatment. The test
was conducted in an environmental chamber at a constant temperature of 25°C. Fathead
minnows were fed with brine shrimp nauplii prior to water renewal. The photoperiod was 16:8 h

light:dark. Mortality and water quality characteristics were recorded daily during each test.

Toxicity Tests on Komeen®

Delta smelt Hypomesus transpacificus larvae (1 to 10-d old) were obtained from the State
Water Project’s Fish Facility at Byron, California, which is managed by the University of
California at Davis. Test organisms were acclimated to laboratory conditions and mortality and
water qualitv measurements for acclimation tanks were recorded daily (Linberg ef al. 1998).
Toxicity tests on Komeen® were performed according to American Society of Testing and
Materials (ASTM) standard Guides E729-88 and El 192-88. The tests were 96-h in duration and
test solutions were renewed daily. Sacramento River water (hardness =86 mg/L. CaCQO;) and San
Joaquin River water (hardness = 66 mg/L. CaCO3) were used as a diluent and a control. Five
larvae were placed into 50-ml plastic chambers, each containing 40 ml of sample volume. The
test was conducted in an environmental chamber at a constant temperature of 14°C. Four
replicates were tested per treatment. The photoperiod was 16:8 h light:dark. Mortality and water

quality characteristics were recorded daily during each test.



RESULTS AND DISCUSSION

Copper Concentrations in Water

The quality control results for the water analysis were satisfactory. Spike recoveries were
in a range of 100 to 102% (mean 101%), and the mean precision was 0% (calculated as the

relative percent difference).

Copper concentrations detected in negative control site samples were below the reporting
limit of 50 pg/L. Copper concentrations in samples taken prior to the first herbicide application

(Day -3) in June were also below the reporting limit of 50 pg/L (Figures 3, 4 and 5).

There was a sharp increase in water copper concentrations (3 hours after the application
of Komeen®) immediately following herbicide treatments (Figures 3, 4 and 5). For samples
taken from Sand Mound Slough, copper concentrations detected in water samples were 1226.9
pg/L at station #2 and 247.7 pug/L at station #3, with a mean copper concentration of 738 pg/L.
For samples taken from Sevenmile Slough, copper concentrations detected in water samples
were 99.6 ng/L at station #2 and 821.9 ug/L at station #3, with a mean copper concentration of
461) ug/L. For samples taken from White Slough, copper concentrations detected in water
samples were 164.3 ug/L at station #2 and 786.7 pg/L at station #3, with a mean copper

concentration of 476 ug/L (see appendix B).

Copper concentrations detected in samples taken 24 hours posttreatment showed a
marked decrease from those at 3 hours posttreatment. Copper concentrations in 24 hours
posttreatment samples ranged from the reporting limit of 50 pug/L to 119 pg/L (see appendix B).
For Sand Mound Slough, copper concentrations detected in water samples were 119.0 ug/L at
station #2 and 117.5 ug/L at station #3, with a mean copper concentration of 118 pg/L. For
Sevenmile Slough, copper concentrations detected in water samples were 61.9 pg/L at station #2
and 98.1 pg/L at station #3, with a mean copper concentration of 80 pg/L. For White Slough,
copper concentrations detected in water samples were 69.1 ng/L at station #2 and 133.3 ug/L at
station #3, with a mean copper concentration of 101 pg/L. This indicates that the elevated
copper concentrations found in water at Komeen® treatment sites were transitory in nature and

were rapidly diminished by various mechanisms, including dilution into surrounding waters.

10
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Copper Concentrations in Sediment

The quality control results for the analysis were satisfactory. Spike recoveries were in a
Range of 93 to 100% (mean =96.5%), and the mean precision was 0%. Copper concentrations
(expressed as dry wt.) detected in sediment during the project period ranged from the detection

limit of 9 to 62ug/L.

Fifty-seven (57) sediment samples were collected. Control site samples contained copper
residues in a range from 32 to 62 pg/g. There was very little variation in sediment copper
concentrations at the control sites from June to September (Table 2). Copper concentrations in
samples collected at Komeen®-treatment sites 30 day posttreatment were in a range from the
detection limit of 9 ug/g to 102 pg/g. When the final samples were taken on 30 and 60 days
posttreatment. Copper concentrations for all sites were at, or even lower than, the concentrations
detected in samples collected before the first 1998 herbicide treatments. There was no significant
difference in copper concentrations between pretreatment and posttreatment at Komeen®
treatment sites (Table 2). However, the data did not lend itself to definitive conclusions

regarding copper accumulation in sediment.

14



Table 2. Total copper concentrations {simultaneously extracted metals pg/g, dry wt.) in sediment
before and after Komeen® treatment.

Site Station | | Station 2 | Station 3 | Station 4 | Station 5
Pretreatment
Negative Control 32 39 32 -- -
Sevenmile Slough (Owl Harbor) | 62 4] 52 48 36
White Slough 38 21 19 18 37
Sand Mound Slough 41 29 13 <RL 10
30 d posttreatment
L Negartive Control 42 62 33 - -
I Sevenmile Slough (Owl Harbor) | 66 33 34 32 59
| White Slough 32 17 31 27 31
Sand Mound Slough 38 17 102 13 17
60 d posttreatment
Negative Control 36 60 60 - -
| Sevenmile Slough (Owl Harbor) | 40 34 43 45 40
| White Slough 31 21 45 16 | 35
| Sand Mound Slough <RL 40 <RL <RL <RL

<RL indicates copper concentrations less than the reporting limit of 9 ug/g, dry wt.




Toxicity Tests

Thirty six (36) water samples were collected from June 12 through 20 for toxicity tests

with cladocerans and fathead minnows.

Toxicity of Water to Cladocerans

The quality control results for the toxicity tests were considered good. Test organism
response to a standard toxicant, sodium chioride (NaCl) was satisfactory. Standard toxicant
responses during the test period were within 1.5 standard deviations of the test mean (LCs,-1.88

g/L).

Tests performed with water samples collected prior to Komeen® treatment produced no
significant mortality to C. dubia (Table 3). Additionally, no significant mortality was seen at the

negative control site.

Overall, water samples collected at treatment sites 3 hours posttreatment were very toxic
to C. dubia. Complete mortality (survival of 0%) of the test organisms generally occurred in the
undiluted sample waters from treatment sites. Water samples with significant mortality
contained copper concentrations in a range of 150 to 800 ug/L (Table 3). These copper levels
were consistently higher than the 96-h LC~ value for cladocerans of 110 pg/L (as Cu) (Trumbo
1997). Simple correlation P<0.05) was used to examine the relationship between water copper
concentrations and cladocerans survival. Survival (%) was negatively correlated with copper
concentrations (7 =0.686. P <0.05, Figure 5). Thus, the mortality observed in the 3 hours
posttreatment samples was expected and probably due to Komeen®. It appears that the sample
collected in Station #2 at the Sevenmile treatment site on June 17 did not produce cladoceran
mortality because the copper concentration in that sample was low (50 pug/L). This sample was

probably poorly mixed.

The toxicity caused by Komeen® generally dissipated within 24 hours. Tests performed
on water samples taken 24 hours posttreatment produced 80 to 100% survival. There was less
significant cladoceran mortality because copper concentrations by 24 hours posttreatment had
dissipated to 100 pg/L or less; a concentration range that would not be expected to produce

mortality (Table 3).

16



Table 3. Water quality charactenistics and 96-h toxiciry of water samples from the Delta to fathead minnows and

cladocerans.
Total Total Specific Cu ______ PercentSurviva]
Alkalimry Hardness  Conductivity conc. Fatheag Minnows _ Cladocerans
f12-3d  White Slough #2 70 82 240 <RL 90 90 100 85
t/12-3d  White Slough #3 68 72 209 <RL 90 0 100 100
612-3d  White Slough #4 60 76 180 <RL 90 i 100 100
6/15+2h  White Slough #2 i8 928 270 410 100 20 100 o*
6/15 + 3h  White Slough #3 T8 g2 227 300 100 90 100 o*
6/15+3h  White Slough #4 T4 80 219 150 100 95 100 40*
4/15 +9h  White Slough #2 82 %0 259 70 100 100 100 %0
615 +9h  White Slgugh #3 92 90 293 90 100 95 100 80
o153 ~9h  White Slough #4 88 98 303 100 100 90 100 50
b/l6 = 24h  White Slough #2 88 90 273 <RL 100 100 100 95
o 16 = 24h  White Slough #3 82 104 243 S0 100 95 100 100
o 16~ 24h  White Slough #4 32 92 244 <RL 100 100 100 700
I-id  =zeven mile Slough &2 it 1] 137 <RL 100 100 100 100
» 12-7d  Seven mile Slough #3 22 0 136 <RL 100 100 100 100
2 17=:h  Seven mile Slough #2 14 60 143 50 100 100 100 20
n 17 =1 3Seven mile Slough #3 18 Th 144 800 100 60" 100 0*
217 =438 Seven mile Slough #2 12 4 142 <RL 100 an 100 20
6:17= %  Seven mile Slough #3 38 58 145 <RL 100 TS5 100 0"
618 ~ Z4h Seven mile Slough #2 46 52 136 <RL NA NA 100 90
6/18 ~ 24h Seven mile Slough #3 42 56 145 00 NA NA 100 3o*
6/12-54  MNegative Control 44 30 130 <RL 100 100 100 95
617 =-:h Negative Conmol 42 32 126 <RL 100 100 100 100
017 -9h Negative Conwoi A0 46 125 <RL 100 95 100 95
518 - 24h  Negative Control 42 50 128 <RL NA  NA 100 100
2 12-74  Sand Mound Slough 2 48 "0 215 <RL 100 | 00 100 100
= 12-74 Sand Mound Slough 73 214 62 224 <RL 100 100 100 95
512-7d  Zand Mound Slough 74 44 66 218 <RL 100 100 100 100
o 19-:h  3and Mound Slough #2 4 [ 207 800 0O 80 100 o*
619+ 3h  Sand Mound Slough #3 48 80 212 430 100 70" 100 o*
6 @~ 3h  Sand Mound Slough #4 2 62 205 <RL 100 93 100 100
6/19 = 5h  Sand Mound Slough #2 4 60 209 130 100 85 100 i
6/19 = 0h  Sand Mound Slough #3 44 80 206 230 100 90 100 0+
6/19=9h  Sand Mound Slough #4 44 g0 207 170 100 75 100 o*
#20 +24h Sand Mound Slough #2 46 70 195 0 WA NA 100 £0
620+ 24h Sand Mound Slough #3 46 60 199 80 NA MNA 100 920
620 + 24h Sand Mound Slough 74 44 60 190 100 NA NA 100 35*

*: Survival signficantly less than the control group (P < 0.05).
<RL: less than reporting limit of 50 ug/L
NA: Testnot available.
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In summary, exposure to Delta water collected immediately after Komeen® treatment
resulted in complete mortality to cladocerans in laboratory toxicity tests. This mortality was

mostly removed within 24 hours and appeared related to the copper concentration (Figure 6).

Toxicity of Water to Fathead Minnows

The quality control results for the water tests were considered good. The response to a
standard toxicant potassium chloride (KCI) was satisfactory. Standard toxicant test response

during the test period was within 1.5 standard deviations of the test mean (LCs, -0.842 g/L) .

Tests performed with water samples collected prior to Komeen® treatment produced no
significant mortality to fathead minnows (Table 3) . Additionally, no significant mortality was

seen at the negative control site.

Water samples collected from Komeen®-treatment sites 3 hours posttreatment produced
significant mortality with only two samples. Sample collected on June 17 at Sevenmile produced
60% survival and sample collected on June 19 at Sand Mound site produced 70% survival.
Copper concentrations measured at these sites were 800 and 430 pg/L, respectively. The 96-h
LC50 value established for larval fathead minnows using Clear Lake water was 4,668 pg/L (as
Cu) (Trumbo 1997); mortality would generally first be observed at about half this concentration
(the incipient lethal level or ILL) or about 2,300 ug/L (as Cu). However, Clear Lake water (110
to 150 mg/L CaCO3;) had higher hardness than Delta water (60 to 80 mg/L CaCOj3). The LCsq
value of Komeen® (as Cu) in Delta water should be a out one-half that in Clear Lake water based
in hardness. Thus, a ILL of 1,200 pg/L (as Cu) is possible. Samples collected 9 hours
posttreatment at Sevenmile Slough site on June 17 and at Sand Mound site on June 19 produced
mortality (75% survival). The mortality of fathead minnow larvae may be related to copper

toxicity.
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Definitive LCso | Toxicity Tests with Komeen® on delta smelt

The toxicity tests conducted on Komeen® produced a 96-h LCsj of 14.995 ug/L (as Cu)
using water collected from San Joaquin River (Table 4). When water from Sacramento River
was used a slightly higher 96-h LCs, value of 24,400 pg/L (as Cu) was produced. The difference
in LC50 values is probably due to differences in hardness and pH. These values are two orders
magnitude higher than the mean copper concentrations that were detected in water samples
collected 3 hours after the application of Komeen®. Therefore, little direct mortality to delta

smelt from the application of Komeen® far Brazilian elodea control would be expected.

Table 4. Results of toxicity tests (ug/L as Cu) on Komeen with larval delta smelt Hypomesus

transpacificus.

SPECIES 96-H LC50 TEST RANGE DILUTION WATER
Delta 24,400 21,445 -28,573 Sacramento River (86,7.85)
smelt
Delta 14,995 11,447 - 19,733 San Joaquin River
smelt (66,7.29)

1) with hardness in mg/L. CaCO; pH in parentheses.
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SUMMARY AND RECOMMENDATIONS

Copper Concentrations in Water and Sediment

Copper concentrations in water were closely related to the use of Komeen®. Measured
peak copper concentrations were within the expected range (461 to 738 ug/L) 3 hours

posttreatment and dissipated to near background levels within 24 hours posttreatment.

Copper residues in sediment from Komeen®- treatment sites did not differ significantly
from the control site. There was little evidence to suggest an accumulation of copper in sediment
during the project period. The maximum copper residue found in sediment was 102 mg/g (dry
wt). This is only about one-third of the reported effect range-median (ER-M) value of 390 mg/g
for copper (Long and Morgan 1991). The ER-M is the concentration of a metal in sediment at
which biological effects are frequently observed or predicted for most species (Kemble et al.
1994). Trumbo (1997, 1998) noted higher sediment copper concentrations in Komeen®
treatment sites than control sites. Trumbo (1997) also found higher copper concentrations in the
upper three inches of sediment than the next three inches (three to six). Thus, there may be a

potential for copper to accumulate in sediment Komeen®- treated areas.

Recommendanons: Future treatments of Komeen® in Delta will probably result in copper
concentrations in water and sediment similar to the levels measured in this study. Monitoring for
copper residues, however, should continue because of concerns regarding the persistent nature,
and possible accumulation over time, of the metal. The expected continuation of Komeen® use
in Delta for several years also adds potential for copper to accumulate in sediment over time.
Sediment sampling should be accompanied by water monitoring. In the future, consideration
should be given to analyzing the upper levels of sediment and biota from the area for copper
residues. If copper is found to accumulate in sediment, the toxicity tests on the sediment would

be prudent.

Toxicity Tests with Water and Sediment

This study provided strong evidence that the application of Komeen® at rates necessary to
control/eradicate Egeria dansa will produce significant mortality to sensitive aquatic
invertebrates (cladocerans), but will produce less effect to fathead minnows. Komeen® rates used

in the study will have minimun impact to delta smelt.
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Recommendations: Impacts on the cladoceran species appears to be well-established. These
toxicity tests should be continued in conjunction with monitoring of total copper concentrations
in water and sediment to establish bioavailabilitv of copper at the site. Sediment toxicity tests
should be undertaken if monitoring reveals an increase in sediment copper. No future toxicity

testing of delta smelt and fathead minnows is needed.

Acknowledgments

We thank Dr. Joan Lindberg for supplying delta smelt larvae to toxicity tests. We also thank

Chris Pirosko, Abdou Mekebri, and Matthew Zinki for copper analyses in water and sediment

water samples.

22



V. REFERENCES CITED

American Society for Testing and Materials (ASTM). 1994. Standard guide for conducting acute
toxicity tests with fishes, macroinvertebrates and amphibians. Designation E729-88 and El 192188
in annual book of ASTM standards. Volume 11.04.

Erickson, R.J., D.A. Benoit, V.R. Mattson, Jr., and E.N. Leonard. 1996 The effects of water
chemistry on the toxicity of copper to fathead minnows. Environmental Toxicology and

Chemistry, 15:181-193.

California Department of Fish and Game. 1998. Quality assurance project plan for
environmental monitoring of copper residues and toxicity in water and sediments from
Sacramento-San Joaquin Delta, California. California Department of Fish and Game,

Pesticide Investigations Unit, Rancho Cordova.

Kemble. N.E.. XV. G. Brumbaugh. E. L. Brunson, F. J. Dwyer. C. G. Ingersoll, D. P. Monda. and

D. F. Woodward. 1994. Toxicity of metal-contaminated sediments from the Upper Clark

Fork Rover, Montana. to aquatic invertebrates and fish in laboratory exposures.

Environmental Toxicology and Chemistry. 13(12): 1985-1997.

Lindberg, J., R. Mager, B. Baskerville-Bridges, J. Kulczyk, J. Van Eenennaam, and S. Doroshov.
1998. Delta Smelt Culture, 1997. Department of Animal Science, University of

California. Davis. CA.

Long, E. R. and L. G. Morgan. 1991. The potential for biological effects of sediment-sorbed
contaminants tested in the National status and Trends Program. NOS OMA 52.

Technical Memorandum. National Oceanic and Atmospheric Administration, Seattle,

WA . cited in: Kemble et al., 1994.

23



Mayer, Foster L. Jr. Mark R. Ellersick. 1986. Manual of acute toxicity: Interpretation and
database for 410 chemicals and 66 species of freshwater animals. USD1 Fish and Wildlife

Service Resource Publication 160. Washington D.C.

Nelson. J.L., B.J. Finlavson, and T.S. Lew. 1984. Sensitivity of channel catfish to aquatic
herbicides for hydrilla control and eradication in Imperial Valley, California. California
Department of Fish and Game. Environmental Services Branch Administrative Report

No. 84-2

Trumbo, J. 1997. Environmental monitoring of hydrilla eradication activites in Clear Lake,
California Department of Fish and Game, Office of Spill Prevention and Response,

Administrative Report 97-3, Sacramento, CA.

Trumbo, J. 1998. Environmental monitoring of hydrilla eradication activities in Clear Lake,
California Department of Fish and Game, Office of Spill Prevention and Response,

Administrative Report 98-3, Sacramento, CA.

United States Environmental Protection Agency. 1993. Methods for measuring the acute
Toxicity of effluents and receiving waters to freshwater and marine organisms. Fourth

Edition. EPA-600/4-90-027F. Cincinnati, Ohio.

24



Appendix A. California Department of Fish and Game, Pesticide Investigations Unit, Chain of
Custody Form.

25



(r6/11 ~¥) 0001 ©4 Qo7 944U UON||Od 49i0M L) (O Ao e [ Say e 1..._. ..._..
JNVN LNIHd (3univNoIs) A Q3AI303H 3lva JWVYN LNIHd (3un1vNois) AG QIHSINONIT3Y (S)31dWYS
0 ON O S3A ‘031S3n03Y H3ddIHS IYWZVH
suonoNsy| [B123ds/s1UaWWoD
O WNIG3N 0O 39HY1  ‘32IS 3A01D
y uopes0 apjouladadsng
) ON [ S3A G31SIND3IY LY NOLLIY NOINTIOA 2 e e -
uopdpaseq walqoid
< - o o swjy ei=q (Aunssecey | seys eieiedes uo dep muiq)
x w ole Al mm w B mm 2 = vonsenon uopieso-j/uoped|uap| ajdwes
5] <& e| 23R 2 4 3m(R3 sisAjeuy supnol 0
° .M alf m g » SDGW Z=| a31s3N03H d
Wm Wa WM ¢ SISATVNY wa|qoid [epualod Jo paydadsns O
UoprANSaL]| 1IUIRILC) O J0q odAL ejdwes 3 WW = ~~~ uope|olA 0po) B4a O
: | o, ekt ol SR
wosoyun :Ayaponpuon YBw | :0a :Hd 9,104, :dway 191eM :uojBay :a1e@ $SO 9JIIPIM ¥ USlH )
T
<uﬂ_.x%z_ diz 31vis ALID VIA 034dIHS
Y S it iy M SRR L TR L R
Gwmfm ", sS34aqy, :
.. _NOSY3W/Q3HINOIY3IIVA
UL TS 01531409 770)
d1z ALD
L85 - 3OVHOLS BV m‘_,Ni<\Of|1 ¥, i e R SRR -
_ W38nNa13d " N ss3uaay, e M T F 557L00Y
[——— A1NO0 35N AHOLVHOAY z%.m::znj 01 S1INS3Y AN3S el HAMELe

JO

abed

(

a"oD3y AdO1SND 40 NIVHO ANV SISATYNY HO4 1S3N03YH ©4d

26



“ppenaix B.  Mean Copper concentrauons (pg/L) trom two depths (surtace and bottom) in

water sample from June Komeen® treatment bv ['SDA-ARS Aquatic Weed Lab.

Station Sample Interval Mean(n=4) | 5.D. Mean bw #2 & #3
| Sand Mound Slough

#2 Pretreatment <RL NA NA
| #3 Pretreatment <RL NA

#4 Pretreatment <RL NA

#2 3 h posttreatment 1226.9 10455 | 738

#3 3 h posttreatment 247.7 237.6
| #4 3 h posttreatment 57.1 112

#2 9 h postreatment 505.6 391.8 | 389

=1 9 h posttreatment 2729 292.0

4 9 h posttreatment 194.2 1558 |

#2 24 h posttreatment 119.0 346 118

#3 24 h postireatment 117.5 15.5

#4 24 h posttreatment 148.8 61.2 1

| Sevenmile Slough ‘

2 Pretreatment <RL NA NA

3 Prerreatment <RL NA

44 Pretreatment <RL NA

=1 3 h posttreatment 99.6 15.0 461
g 3 3 h posttreatment 821.9 10.0
X} 3 h posttreatment 220.7 206.2

#2 9 h posttreatment 117.3 118.7 493
| #3 9 h posttreatment 867.7 334
| %4 9 h posttreatment 64.0 26.2
:I 2 24 h posttreatment 61.9 29.0 20
i #3 24 h posttreatment 98.1 ¥

&4 | 24 h posttreatment <RL <RL




| Station Sampie Interval Mean(n=4) | S. D. Mean brw #2 & #3
| White Slough
#1 Pretreatment <RL NA NA
#3 Pretreatment <RL NA
#4 Pretreatment <RL NA
#2 3 h posttreatment 164.3 187.1 476
#3 3 h posttreatment 786.7 20.0
#4 3 h posttreatment 423.0 156.7
#2 9 h posttreatment 313 8.6 99
#3 9 h postireatment 167.6 342
$4 9 h posttreatment 66.7 19.6
ﬁ #2 24 h posttreatment 69.1 0.7 101
#3 24 h postireamment 1335 74.7
| #4 24 h posttrearment 51.5 14.7
fr Negative Control Pretreatment <RL NA
I MNegatve Control 3 h posttreaumem <RL NA
Negative Control 9 h postireatment <RL NA
Negative Control 24 h posttreatment <RL NA

RL: |255 than reponting limit of 30 pg/L




Appendix C.  Mean Copper concentrations (ug/L) from water sample for toxicity testing from
June Komeen® treatment by CDFG-Water Pollution Conirol Lab.

Station Sample Interval Cu conc.(ug/L)
Sand Mound Slough

#2 Pretreatment <RL
H3 Pretreatment <RL
#4 Pretreatment <RL
#2 3 h posttreatment 200
#3 3 h posttreatment 430
ia 3 h posttreatment <RL
#2 9 h posttreatment 180
#3 | 9 h posttreatment 280
44 |9 posttreatment 170
#2 | 24 h posttreatment 70
3 24 h posttreatment 20
44 | 24 h posttreatment 100
Sevenmile Slough

#2 Pretreatment <RL
#3 Pretreatment <RL
72 3 h posttreatment 50
#3 3 h postirearment 800
2 i 9 h posttreatment <RL
43 9 h posttreatment <RL
#2 24 h postireatment <RL
#3 24 h posttreatment 100




